weights were collected on a cow the MW used in the analysis was calculated using a nonlinear regression correction factor computed by fitting a quadratic with a plateau to the data. If the cow had an observation(s) beyond the inflection point ( I P ) , the closest weight to that point was used. If the cow only had observation(s) before the IP the closest weight to that point was nonlinearly adjusted to the plateau. The IP for this data set was 1,506 d and the plateau was 554.7 kg. Heritabilities and genetic and environmental correlations were calculated from the appropriate (co)variances and phenotypic correlations were com- 
Introduction
Recent selection practices in beef cattle have placed a large emphasis on increased growth. Considering the diverse management practices in the United States, this may not always be the best alternative in regard to the overall productivity of the cow herd. Maintaining reproductive efficiency in the herd should be of particular concern.
Cows need to have adequate condition at parturition or be increasing in weight at mating to minimize the postpartum interval (Dunn and Kaltenbach, 1980) . Therefore, it is necessary to ensure that the energy maintenance requirements of cows are met during the period between parturition and breeding.
Two characteristics that influence the ability of a cow to meet maintenance nutrition requirements are milk production and BW (McMorris and Wilton, 1986; Montano-Bermudez et al., 1990 breed registry associations provide EPD for milking ability, only one is producing EPD for mature size. Many researchers have reported mature weight heritability to be moderate to high (Brinks et al., 1964; Smith et al., 1976; DeNise and Brinks, 19851 , which would indicate that mature weight could be changed genetically by selection.
It is important to obtain the best estimates of population genetic and environmental variances for use in computing EPD. It is also necessary to understand the relationship between mature weight and other production traits. Therefore, the objective of this study was to compute genetic and environmental parameters for mature cow weight and other growth traits in Polled Hereford cattle. BWT  282,872  14,850  20,963  26,090  2,549  631  800   ww   503,250  24,133  31,708  52,058  2,881  693  899  YG  131,740  10,346  15,169  15,614  1,924  5 10  582  Y w  131,740  10,346  15,169  16,614  1,924  510  582  YH  27,110  2,821  4,473  3,594  869  235  231  RGW  278,189  14,812  20,836  29,739  2,564  632  804  RGY  131, From these weights, weaning to yearling gain ( YG) and relative growth rate from birth to weaning (RGW) and from weaning to yearling (RGY) were calculated. Weaning to yearling gain is simply the actual ADG from weaning to yearling multiplied by 160 d. The two relative growth rates were calculated as the natural logarithm of the final weight minus the natural logarithm of the initial weight divided by the period in days (Fitzhugh and Taylor, 1971) .
Materials and Methods

Data
Contemporary group definitions for birth ( BCG) , weaning ( WCG) , and yearling ( YCG) were the same as those used in the NCE. Birth contemporary groups were formed from birth year, season, calf crop, and sex, and only single births were included. Weaning contemporary groups were formed from calf crop, weaning sex, birth type, creep or noncreep, weaning management group, weaning age group, and weaning weigh date. Yearling contemporary groups include WCG plus yearling calf crop, yearling sex, yearling management code, yearling management group, yearling age group, and yearling weigh date.
Mature weight was calculated by fitting a quadratic with a plateau function:
where A is the intercept, B is the linear regression coefficient, C is the quadratic coefficient, and IP is the inflection point, using iterative nonlinear procedures of SAS (1985) . This function was fit to the entire data set and included BWT, WW, YW, and all DW. For this data set the plateau was 555 kg, A was 143.66, B was 1.43, C was -.00048, and the inflection point ( IP) was 1,506 d. If a cow had a measurement(s) past IP then the closest of these weights to IP was used as its mature weight ( M W ) . If it only had a measurement before IP, the closest weight to IP was nonlinearly adjusted to the plateau (MW) using the coefficients and IP was computed when fitting the quadratic with a plateau function. The adjustment equation for these cows was as follows:
where WT was the weight of the individual that was closest t o IP and AGE was the actual age of the animal (days) when WT was recorded.
Mature weight contemporary groups ( MCG) included the WCG of the cow and the WCG of the calf that was weaned at the time that the cow was weighed. This definition requires all cows in the same contemporary group t o be the same age and under the same temporary environment. These restrictions were very stringent and created many single-sire and maternal-grandsire contemporary groups.
After all traits were adjusted and calculated, records were edited for the following reasons: singlesire or maternal-grandsire contemporary groups, disconnected sires, and records that were more than 40% larger or smaller than their contemporary group mean. These editing procedures are the same as those used in the NCE of most beef breeds. The numbers of records, sires, contemporary groups, and maternal grandsires included in each analysis are presented in Table 1 .
Heritabilities and Correlations.
Variance components were estimated using Henderson's (1980) new or simple method as extended by Bertrand and Benyshek (1987) and Bertrand and Kriese (1990 analyzed using a sire model. The model included the fured effect of contemporary group and random effects of sire, maternal grandsire (where appropriate), and error. From this analysis, additive direct, maternal, and error variances were calculated, as well as all possible covariances for each trait as described by Kriese et al. (1991) .
The heritability estimate for MW was an average of the estimates computed for the seven combinations. Genetic, environmental, and phenotypic correlations were calculated from the (cohariance component estimates, between MW and all other traits (BWT, WW, YG, YW, YH, RGW, and RGY). All heritabilities and correlations were calculated using the additive direct (co)variance component estimates where appropriate.
Results and Discussion
Defining Mature Weight. There are several procedures by which MW can be estimated. The most obvious would be an average of all weights taken on the animal after it has stopped growing ( MWA) . This procedure does give an accurate assessment of MW; however, it limits the number of animals that can be used in a data set and it can be difficult to determine when an animal has stopped growing.
Another approach and one that has been used in many studies (Fitzhugh and Taylor, 1971; Brown et al., 1972a; DeNise and Brinks, 1985) is the growth curve as described by Brody (1945) :
where Wt is weight at time t, A is the asymptotic weight, B is the integration constant, and k is the relative growth rate. As with taking the mean of fully grown animals, to fit Brody's curve it is necessary to have records on the animal to a point when the animal is no longer growing (approximately 5 yr of age).
When viewing the individual growth curves the weights seem to increase in a quadratic manner from birth to approximately 4 yr of age and then seem to level off. Therefore, another way to estimate MW is to fit a quadratic with a plateau:
where MWP is the predicted MW, A is the intercept, B is the linear coefficient, C is the quadratic coefficient, and MAGE is the age at which the plateau is reached for each individual cow. The disadvantage of this method is the same as that for the previous two methods: actual M W are necessary. The advantage to this method, which is not available with the others, is that the point at which growth stops can be easily estimated (MAGE) as the age at which the curve reaches a plateau. With Brody's method an arbitrary percentage of the asymptotic weight is used to calculate the age at maturity (typically 98%).
With each of these methods for determining MW only animals with records that extend past approximately 5 yr of age can be used in the analysis. Another problem is defining an accurate contemporary group for animals with multiple weights. Therefore, a method that allows animals that do not have actual mature records (> 5 yr) to be included in the analysis and that have a well-defined contemporary group would be advantageous. Benyshek and Marlowe (1973) used all cows with at least a 3-yr weight and adjusted cow weights according to age class. With this procedure all animals are included in the analysis but age differences within a class are not accounted for.
If early weights are to be extended to a MW, it must be determined whether these earlier weights are correlated with the actual MW. Phenotypic correlations were computed between DW taken at 2, 3, and 4 yr with MWA. These correlations were .76, .83, and 3 7 , respectively, which gives an indication of how accurately early weights predict true MW. As would be expected, correlations are larger as the animals get closer to 5 yr of age. This would justify using the weight closest t o 5 yr as the weight used in the adjustment equation.
The method of defining MW used in this study seems to address the problems associated with previously used methods. As long as a cow had a weight measurement at the weaning of its calf the cow was eligible for analysis.
Another benefit of using a single weight measure and adjusting to a constant MW is that MCG could be accurately defined. Under varying environmental conditions a cow's mature weight can fluctuate drastically due to differences in body condition. However, body condition scores were not available in this data set. Another effect on a cow's mature size is her early life development. Therefore, defining MCG to account for these differences was imperative.
These factors should be eliminated by including the cow's own WCG, as well as the WCG of its calf, when the cow's MW is recorded, in the MCG definition. These are very stringent requirements that require the cow to be raised under the same environmental conditions and raise her calf under the same environmental conditions as her contemporaries. When exposed to the same environmental conditions, variations in body condition should not be removed when measuring true mature weight differences.
Heritabilities. Means, standard errors, and heritabilities for all traits are presented in aBWT = adjusted birth weight (kg); WW = adjusted 205-d weight (kg); YG = 205-to 365-d gain (kg); YW = adjusted 365-d weight (kg); YH = adjusted yearling height (cm); RGW = relative growth rate from birth to weaning; RGY = relative growth rate from weaning to yearling; MW = mature weight.
bNumber records included in fl and SE, see Table 1 for number of records used to calculate h2.
Values listed for X and SE were multiplied by lo5.
dMean of seven estimates from each two-trait analysis (SE = ,021.
and Martin (1987) reported heritabilities of .46, .26, and .27 for Angus; and Winder et al. (1990) found that heritability estimates from Red Angus data were .46, .39, and .40 for BWT, WW, and YW, respectively. Thrift et al. (1981) reported heritability estimates of .45, .26, .47, and .32 for BWT, WW, YW, and YG in a selection study.
The heritability of YH ( h 2 = .59) is in accordance with structural traits, which are typically highly heritable. High heritability estimates for hip height were also reported by Brown (1958) ( h 2 = .48) and Neville et al. (1978) ( h 2 = 5 4 and .75).
The heritabilities for RGW and RGY were lower than those previously reported ( h 2 = .24 and .15, respectively). Fitzhugh and Taylor ( 19 7 1) reported heritabilities of .47, .24, and .42 for the period of 6 to 12 mo, 12 to 18 mo, and 18 mo to maturity, respectively. Heritability estimates for relative growth rate seem to be somewhat dependent on the time period during which the weight is measured.
Many of the heritability estimates reported previously for MW were in studies involving Hereford cattle; however, studies on MW involving Polled Herefords could not be found. Heritability estimates for MW in Hereford cattle reported were .75 and .73 (Brinks et al., 1962) , .57 (Brinks et al., 19641, .57 (Fitzhugh and Taylor, 1971), -34 (Brown et al., 1972a) , .39 (Brown et al., 1972131, . 57 to 1.00 (Benyshek and Marlowe, 1973) , .55 (Smith et al., 1976), .44 (DeNise and Brinks, 19851, and .36 (Johnson et al., 1990) . The heritability estimate for MW in the current study ( h 2 = .52) agrees with those reported. This is of particular interest considering that the data used to estimate MW heritability in this study included young cows ( < 5 yr old).
Correlations. Genetic, environmental, and pheno- typic correlations between MW and the production traits are presented in Table 3 .
ET AL. The genetic correlations of BWT with MW ( r g = .63) were similar to estimates reported by others. Brinks et al. (1964) The environmental correlation between MW and BWT ( r e = .15) is small and positive. This relationship seems reasonable because the time period between birth and maturity is so great that it seems unlikely that the environmental effects on BWT have a strong influence on the MW of the animal.
Environmental correlation estimates for MW with WW and YW (r3 = .43 and .40, respectively) are larger than with BWT. It seems logical that the closer two weigh periods are to one another the more environmentally correlated the two traits would be.
The environmental correlation between YH and M W was outside natural limits ( r g = 1.03). This occurrence is not well understood; however, a large positive relationship may be possible. It seems likely that an environment that is conducive to early structural growth would lend itself to increased MW when the animal fully develops.
Phenotypic correlations are presented in Table 3 . The phenotypic correlations seem to be within normal limits. Phenotypic correlations tended to be lower than genetic correlations.
Implications
With increased selection emphasis being placed on growth in beef cattle it is important to understand what the effects are on other traits. One trait of importance is the mature weight of the cow herd. It seems that two of the traits that are typically selected for, high weaning and yearling weight, increase mature weight. The parameters estimated in this study could be used in the mixed-model procedures of the National Cattle Evaluation Program to compute genetic evaluations for mature cow weight. Having expected progeny differences for mature weight would provide producers with a valuable tool to manage cow size.
